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Abstract 


Fuel cells incorporating a novel ion-conducting membrane are disclosed. The membrane comprises a 
plurality of acid-stable polymer molecules each having at least one ion-conducting component 
covalently bonded to at least one flexible connecting component. The membrane has ion-conducting 
components of the polymer molecules ordered such that a plurality of continuous ion-conducting j 
channels penetrate the membrane from a first face to a second face and such that the ion-conducting 
channels are situated in an elastic matrix formed by the flexible connecting components. A preferred 
membrane is obtained by (1) sulfonating SEBS with sulfur trioxide under conditions that result in 
greater than 25 mol % sulfonation and (2) heating the polymer. 




Data supplied from the esp@cenet database - 12 



../abstract?CY=ep&LG=en&PNP=US5468574&PN=WO9532236&CURDRAW=0&DB=E 02/02/20 



W 0 2-0 \ - 



<19>H*HMMW <J P) 02) ^ 4# |^ ^ (A) (ll>tftttfHR&a## 

^^¥10-503788 

(43)d^ B ¥fi£10*F(1998)4*!7B 



F I 

C 0 8 J 5/22 

B 0 1 J 47/12 B 
HO 1M 8/02 P 
8/10 



(21)fibS#^ 


ftH¥7- 530477 


(71) USA 


5M-fX 3— >3 > 


(86) (22) met B 


¥&7^(1995)5)§22B 




7*U#-&#@, 12524-2703 Xa.-a 


(85)«SC5:gttJB 


¥jS8*F(1996)li;?22B 




7-c5/>'3.^;k d-vtV i — > 


(86)SIBtBB#*l 


PCT/US 9 5/0 6 4 4 7 




32#ift 


(87)BIS^B8#^ 


W09 5/3 2 2 3 6 




X-k>A— ^, XDvK v 1 — 


(87)g(R&BIB 


¥f£7¥(1995)ll£30B 




7* 12524 ^3.-3-^, 




0 8/2 4 7, 2 8 5 




7^y>a^l'. D->5V V— > 32# 


(32)flBfcB 


1994^5^230 






(33)«$fc*fc£3iH 


*s (us) 












7^U*-&*H» 12180 








hD<, 22 XHJ-h 2435#ife. 7/^ 








-h*>h 5 






(74)ft3A 










mtnmz&< 



(54) [&9I<E>£;f*] 3»rje^-f^>e*R*ffl5i^V^«S«*» 



(57) 

(1) t^lOCD^^^^jK^dc^lC^ 

ufc-f^>e*^^>^ (2) <hfc££5K:3*u * 

CtO£«l/fc»*tt'?h'Jy>^ (3) +fcttHT* 
TV^. #*l^Rtt (a) 25 i 6^Xa±X^*>ft* 
T (b) #U^-*anJR-r*. 2l4:fcJ;0»6n*. 



(51) IntQ. 6 i*wia# 
C 0 8 J 5/22 
B 0 1 J 47/12 
H 0 1 M 8/02 
8/10 




(2) 



10-503788 



2 . ^^/l/3&«ffl|O* s FBB»^*»t*llfBO-+ffi56**&0.01 /< mJ)S0-V 





R 1 




R 3 




CH 2 c 




CH 2 C 




i- - 


n 





-CH 3 CH=C-CH 2 - 



• CH- C- 



Ar 



R\ R\ R 3 £ J:tfR 4 tt, 7 ^ -/UiJ <fc «7 A'* <b & 



(3) 10-503788 
R 7 (i-S0 3 H -P(0)(0R 8 )0H, R 9 -S0 } H^^ ( i-R'-PC0)(0R 8 )0Hn^v>TR 8 {i 

m.n .piSjrtfqfiO 4 fcfi50 3 ^10,000£^gf£-c&& > tf>£>£#3*l 

£ J: W 'J >o**<tlJMMto>e>*R ? it*: 1*^13 SB* 

5. 7V#->y^MW s #'J (xfi/^-7f i/y) jsjo^y (xf 

- ;vx^ r ^ 4 it * y -C* & & L T C t 5r#^ "T & O 

6. ^M^T? 'J h 'J )\>--7?-j^y-^vy ■ v- (ABS 

7 . ^T^^ffi K =t >9 ft& * ftfc EJK * ;i/ * ><t $ fitz # V ^ - m : 

(a) nn ji^ >/->^ n^^r-^>80/20Ef3^3.6^fi<^^^- v> ( 

xf V>-7*f h 'J 7D y tf 3 - 4ff%M 

, &£VV*xizix.?>#Km*-6M*<0=miKmn*'£tr3 -411%^ 

fts o r-ciox. ; 

(b) -5 WIO < C-el57!?S305tH> ^v^tS"e8»S 14 l*Htt#L. 

( c ) 4 a 4 -eft sot; -e 30ft M40#Kfln& L ; 

(d) 40tty^nnx? yjs J: C^v * n ^3r+r > fc&Sfe ? -frTtt^i** 
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(e) ttW**^***-^^ nn.x >80/204«ns 

(f) f«i«±(^SLTiS:Mt*, ^flgli^Mo^ 

<Dm S 35 S* % h & * ft # H 7 lEttO^E A * > -f k 5 *L * U V 

10. TKJ: : (a) »*Ol6H l^SSEtO^f *ii^R 

; (b) ili^ttts^ 1 * J: ^ 2 <7)Mit^lS; (c) SftlllCf 
; isJ:^ (d) SE»2mS^K<k#J* 1 ®ttt-* «t ^ twLT** 

(b) -5 VTbmo VKX 10ft S 305^ ^v^tffiCT 8^?l 4 SfH» 

t ; 

( c ) g-a*- & $ t^8o<c -am t ; 

(d) »«c*£C*4-Ci&»*aK»S*: 



(5) 10-503788 
13. v -^TO^S 50,000$- ^-r^^^l/>- (a. 

15. JslT^Xjg^t>*S«f^OlEH 1 2IB«^ft ; 

(a) y^nnx^>/->^DA^f >80/20^(;3.6gf^xf V> ( 

T&so'C-eiiix. ; 

(b) -5 , c-ei5;irs30frfig, ^r-m.s.x-8 7bm 14 &mmwL 

(c) anfeufcai T*t,80t:-e307&M40^WMt ; 

(f) «***»*±K]&aLTR«:JBlifc-r*. 

16. ^f-l^v- (xf vv-T'f-i/y) -^fi/Vh'jyn-^*i^# ( 

SEBS) o^A/*>K-f v-^^^feHiSi/^T^ SEBSo#tf=-ir = 
BMbttJ*- 'J >K h 'J ifi^fiL, |gSEBS|i25^A/%UT-Cfi4v»i t «t «5 

17. tlTi •jfcSWB-fcfl' : (a) »*ol£H i#S8ffi*m>-f ftdvatt 
; (b) SRKKtt-*- i J3«to f SS2oMfi:-r*S@ ; (c) 
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*iswtt*Kfl-m?6»-ML, $e>n»«Ktt, *K«-*«ifflo>f xy&mm&xv 

$-£&J d t fiftv>(7)-C\ mt)m<Dnm<7>&&&M'%<vmt) (power) 
-fe* i y) ^®at)T^^ 0 #StlftK, ^^>-f5^ii (ion-conducting 

membrane) \z X o T#8t ? fltz 2 o<7) j&^mii (electric electrode) t> ft 

otv^o (fctxtf, **) fi-^om^-e-f *Wk«*L, c\<D&m 

-f*>tti«5R*»»fUTt£ifeU, i^Otl^iffi-eSI^f * > c ^ (re 
combine) -$-£ 0 m^rt*— *0«ffi^feflll^^>*ffiK3ES ^ft ft tiffs mi£<7)ffl 
g (potential garadient) fi^H-f * y<DWM*&&.-t2> X o fc«< „ —~)$<r> 
m^frhn^WM^^vifkffi (external load) LX^ < hfrOWM* 

ft ^ if 7s t mitfc jfxL*mi&Ltz£t <n$m k# ^ft »t *u* ft h ft v> 

je-Cft »t *l # ft It *l ft ^> ft ^ o 
M&n.m<D$ki&K&^X, tt«Emffi**K#*r (membranematerial) 
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*t JR- £ ft* & mffi & ^ -r * £ fc n i o x § £ ft fo tt & o [ ^ -< ;w v > is «t =r 
y y y i ;u K JSffl«^fc*3te (wilson and Gottsfeld D. APP1 . Electoroche 
tn. 22 , 1-7 (1992) ) #HS] 0 ^t, «^)SK)lt "C, 

t, 7*3. t7D> (Dupont Nafron) ©iH^CAoi^ilfc'K'J 

^lxe^--Vincent N C.A., Polymer Electrolyte 

Reviews I ,1987 0 gfc£n o # 'J li % >f % >{5^E-T& tzZXDX >"ffc 

^ — WL&ffi (ion-conducting polymer composite material) n > ^HM^SS^^* 
«^kzK^7'n y ? t7^7 7 -* 1/7 4 >i7^ 7*n y n©7n -y 
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?tt^ 0 -eosfe^ *;w*>>fl:S:}t£*?- vy- (jc^-uy-yn \dvy) 

t\ tit. n*K\tv( y?7-<D^mx-nhtitz*°v-?-*7 j 

t # T # & & o £ CI i: -o tz o 
y^^Cay et al [^#^- ( Macromolecular ) 21, 392-397 (1988) ] * 

y&m^ i)\ LiCFj S0 3 j£-elg# t £ *U I- 'J 7*n ^ 7* 9 

i/j^yy-xi v 9 X-^b^^^^^y 7- ^! T4 h-TZ>tzt><DZ.\t < MW) > - 
yf^?W;*'J {z-^-vy t^t-f K) ^7^f;vx-rJV (mPEG) ^ 

> > h mmx$>& 7, T-uy-yrv^y-xT-is tt^So 

j *y&m$m*&%Kviifet l%^o xf-uyyuy 9te#v ^-<omm% 
wm&k LXLfrw>fr*^o zbK. rjmtmiRLtz7>*mtteMwm-fe<7>tt 

&%t$ik5rm-t2>o mPEG^y^ *jj_y,*y ? ?$y <Mfe%--£^Z> z\\± < m.i&>) y >r 
m^fS^M^iS^T, *@#^B5,091,275^j|Eb7ti 0 ^> #?L^ 
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(11) Stf 1 0-5 0378 8 

R 7 H -S0 } H, -P(O) (OR 8 )0H R 9 -SO, H $ f z {J -R 9 -P(0) (OR 8 )0H^ £ ^ X R 8 (± 
Ar|i7i-;VC$i?. ; t tz 

m.n.p*J:O t q»i04fc»i 50 ^ £ 10,000$ -e^ifC* & o 

) , *' 'J y x>ijs J: W 'J v x y«^7Rf ^ff a, $ 
tz, 4*-y&mWA\t. 

4»^<bStf*L^Bg^tc,t o"Clitt$*i*o **>Sf£L<tt, SMfcfc»-frjft5Hi 
, spy (xf i/y-7*fi/>) is.fctfjK'J (xf l^v-ynt'l/y) fcJiOWJ 

o 

(a) 3.6^i:o^^-i^>- (x^ vy-f^-vy) -7.^-vy h^yu 
■^*l^^ftl)V?nnx^ >80/->^ p^*-ij->20jgy£ ( 3 - 411 
96) *J:a f jKi3.6ai:0=»'fkacJt***"r4 v^nox^ (0.6^fi% 
) £ft 1 S*<75 h 'Jxfl/V*^7i- h ^It4v^ n nx.^ >v§^ (0.6 

it%) n-5 t:»so*c-e^iD-f * ; 

(b) -5t:S0t:T'1575S3O^Pfl N *i,*T?M-C8JfrMl4|SW«#-*-* 
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(b) -5 -cismo vx^jbm^m, ^Ttst8»ii^»t 

& ; 

( c ) WL&t t T*?j80t r^psfe-r & ; 

(d) *T»«£fe#*o ; 

(f ) *#±t^?*T^«i^*je*^*>e#il*»j«-r4 0 Htrie 

% J: »5 < a** A"J* >"ffc £ tiT 

(a) ^j3.6^ft(7)^^-i/ >- (xf i/>-7*f V>) -^f 

n ? * #fi<frfl: ^nnir/ 80/ -> ^ n /\ *-g- > 20fcffc ( 3 - 4 S 

) fcjfcl ^S<^) f'jxfi/>*77x- h^ttSy^aax^>^ (0.6 

(b) -5^7l;M0^T'15^M30^H^ «v»TSa-C8 7!rMl4B*M!JB*-r 

& ; 

(c) ^fei:^^iT^80 < C-e30^^40^Hjjp^-t-^ ; 

(d) 40-ct-v? n na;^ yjs ZTf=s 9 n^*-fr 

(e ) tt«4*feoa[#«r nnx^>80/y^r n^^fZOfcffiRjS 

(f) £tf±fc#»3*Tffl|*36Mft-*-*o 

Vh'J/n^^ft (SEBS) cT^^ySK^y v-HHIU SEBS<7)#£T 
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j: o t SEBSfi ^ <^ 25^e )v % £ x ;w * > fbl" & 'T $> & „ 

n (Men) 3) fi> i^BByiJj&^i-Sffi^TtffitftW^^iO-C 



(15) . fciWl 0-5 0 3 78 8 

n K&^-f § «£> 0 A i£fci3 X it *° U v - (DWRMttit **tt 

[ (A) „ (B) ■] pOJ:^4*^Tie-e-tJ:*BB2ni^jB^-f 

K % ^com^^mts ^i^-^M (BernouTlian) (Sfctt-en-K 
a«7*3 7ll (Markov) ) Ij % t y f± 7 > *fi^#-C& * 

(Odi'an, G. N Principles of Polymerization 1992) 0HS) 0 L/^L& 

ats^twii^) stiwrltv* -ab-oe?ii:*v^ pis 

(m= n HOHTtt) ag$ <9 > t tUi^cE^Jt^ fc S o 

fcBtiA*«J85t^< $*LAi-CA«:iDx.. ^LTB££Dx.£> it* s $f^Lv>) 

>rlTA<7)n*filiBff)m*fii: 1 otf>««& (junction point) ( p = 1 ) -c 
^t^LT^S, *LT£*i&<^j£#S^E^Jtf>**f;i::7'ny * (block) £ 
ft S*U #*)'*-\±V"7uyjr (diblock) &3;£»ffci tl& 0 \s]ffi.K> t L 
AOn#t^307'D^^B-7'D?^»2^l^ (p = 2) "C*g^L 
Tv^^fbtf (-etTIWimtc, *> LBOm^^A^^^LTv^^ibff) * % 

% LBOm^i£oSy!l* s n#^OAOS9!llw, B <Dm#^<^SE?!H-r&oT 1 # 
M*it&±0#ft£.^*§#LTi/>S*£>tf' (p^l) #'J7-Ii^77f*l 
(i tz it p = 1 Uov»T ^ 7 
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% (multi) t*p y ? #1; v-, i i tls^t p li p + 1 7 ^ tMtSS 
«^«5jS:tft4, tt<e*U*^-tttt-C*VM±4v*Sfi"?'ny * (star block) £ 

1 »S-C-*LJU±0*ttA"C^^ ? * ( * £ tt*** V > - 7* 

£ xr <d Mfc 7 * v > aHEMfc-frfc -e * * o 
Ztlb&fflfiiW (topological arrangements) a)^^- V > 

z_2>%mtftbilX^2>o KK*ifi"C»i, §> < <D&m<D&mt&® (complex) 
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jfe*)$nS>*tTV>fcv>J^ #V 7,f-Vy<D***y&ik (phosphonation) \ZJ 
*S&93 oT fi64 << * y f5#t4S Ji-SQi H-J3 i C^P CO) (OR 8 )0H 
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^^T.^^fi^HWiiLTv^o **9^^#i&Jt (&&WiT9) (ii^^cli 

ft J: 0* HIS) Ma^nM-ei^o ^r^^^aft^ 

± (EP*>T9+50) T~fi«iiT9WT (BP^T9-50) J; V) X "9 #IJ]t££3# O «t 

mint) tztzfr&BB<7>mB.i%Lfe, Tm±m<Dy v*=y\zv ? 4 K%}&i*f+&o 

& (BP*) yf- 1- > J- - y Y £ *° V ^ V- > LTxf V- V > *° 'J 

-fc-f*) ittJ:ot*f>?H4^Sfcli[S?<ii:3i J, el5o £ 7" n -fe * ti 

iff $ LufifDjeiUfrfrlfe (saturated origin) ^7 ^ + ->7*;V^^Sli^T 
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CH_ C 
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4 0 if - v > - yf - v > is J; c^a.^- u > - 7* n e v > cot&it k &*n-e& * 

o 

jfft tv»^i&3|afe«'fk'&-tt (unsaturated origin) <7)7l/^'>7'JV^IIi 

I 

CH,CH=C-CH 2 



7*v>) (^yx>) , #y (^nn^v» , #v (i, 4- 

^v^u» teXzfZHh <75Htt#c7) & li k & & -c* s „ 

;H^TT?*oTli*f>-f, *4>$f * L < (i 50,000 g /^;u J: <fctt*i«r* 
£>£v> 0 |^JW25-1000 // m> Jfi L< ti 100- 500^ m% ^ LTft L < 1*25 

0-350^ m -e, I S i i -e I & ^^«tetttt^4£ , ftttiSfcW^ 
a cf>^-y>^**fCJ: «9 SOSeS ft* t i % J: & i: x Sfe^U*»S *tfc 

< ti 307> ^ 100% </) Ms fLTfttffi L< (i50^M80^ft% 7 K£M Lfctfft 
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S&»«t^e>*aUfcl:&aift$*Lfcrafl[S[*ao«* (domain) ^^x.^> 0 # 
^*t*3P3fSfatt*i* ettWat (grainy structure) ^KS^^J:-?!!^!^ 

fcoMTSStti-* J: d t fcl&JiLfco li#53\ L P3 IS o 

> % percolation) * f^^^^SS? tL* J: «9^Ev» 0 
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^> (HIPS) ^^-7 MMMHir-fc h h >fi-fr* 

-crt tb -c # * o M <7) RcS t~ * >v * > -f t * f - > - Tjc^'f k v > 

ty7-ttft*#*«Ht4iiCJ:*»> -fe^OflJ^co WoL*)? (blocki 

14* )V* yltLtztb, 7 ^ y * fr*Smt*> (organizing into) £ t 

^iJd^F'J n Mfcif - V > - 7> 1/ > (ACS& «fc tf-x^ V^-^niiVy 
->'x> (EPDN) #«jv-orai&fjU & LdtL^^TK'; v-O^i^JV^V-fb 

&<0{47 7 'J nr. b 'J Vy^ify 7 Mb L^fccftift^fi 

£-&.&m-&-7'*~/^y'W&x$>&-fi i , K^-vy^.— ? Y<D*)\>*yikKm^x 

ACStfABSfc [U^O^feT^^ 3 H2> o «K BUS LX T ? 'J n - I- y ;u - 7s f - V 
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£ T © £ft K is v» r 4t 1ft ffl S *t % fiffi JE * 9 > > ^ -fc ;v ( 1o 
w pressure clamping cell) V) , fl|$tfk^i*]gt&#* , f - * %%t>%> tz$>\^$L 
fflStU £?L14£t3&tt&m& Cfc* + 20 %Pt> fi^T^W* fn^rAft (Elect 
rochem. Inc., Woburn, MA) J: tjffc^^^o ^Itft^lif^^^f- 1 
ng/arf-efi££gStLT2b>K ^ 7 4 # > (Nafion) 117£,sM V LTf 
/3L£ (Gottesfeld, S. and Wilson,M.S., J. Appl. Electrochem., 22, 1, 19 

A * y fcm^Wmte'y ^ y<)ViT- • -f (Schlumberger I 

nstruments. Inc., Burlington, MA) (7>1260^f y \£ - *f y 7, 7t 9 -f "9* — Tfro 
TK-jFaK^^N'^WS-fe^^ 2 o<^yn ? * V^m^^M^Jf ALfco 5mV^ 
*mJE*««Lfc 0 li 50 m H 2^rl 1 M H z-C* o 0 ^fefiVincen 

t, C.A., polymer Electrolyte Reviews I.lWffi^o ^ £ IWC&&<> 

ic * »t * * J: * k: »f o jan »± * it k ®« s o t ra 

Nafion moiSSfl-ttJfeaME (Jfc«) 

Nafion 117|g| fi x a ^ > ft: (Dupont, Wilmington, DE) 5^ U ^(T)i£ 

&m HMftSLfc*, >f *>f£*£«rilM5ELfcfc£** 5x10 

- 7 s/cm-Cibofco Nafionfi, ffiJET 2 o©£?U3ilfc* 

Si^m® (Electrochem Inc., Woburn, MA) oM LT^^T^o 
Ji^P®*^ l n 9/ arf oe^Jlfflffcfl!l*)&**Lfc Nafion n7 S-^rtTwfco Nafio 
n|R*tt«l»n30g.m|3jjfg 7 |c|»a|| tTtio Ht fit* IW GfolOflO 400 m 

V-e5mA/otr^M£tlLfco L^U * tfWJEO-ttfcteTJ^ &* s j£** 
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HMiff!)2 

m 

1 . y> - y )\>wm : v ^* f - ? * m#«§ *ffiiLtzftm l 7t 25o m i e - * - n 

Th7Xh^ryy7>8-68g (0.042^) £Jnx.fco if^Loo, 7x^)^ 
'J^h*->->7> (PTES) 51.76 g (0.215^e;w) fcjp*., * LTfejtJ- * y - )V 
11.50 g (0.25* ;v) £fln;tfco ^"CM^ (70.6^1;%) 17.5 g (0.28*;b 

2. ^/h?L*K'J if-V>JR (Evanite Fiber Corp., Corva1is > OR) : 

3. ->7 ^aiKo*^* : 

>ffc*fitt«C«LfcB*MfcJ: ») 3> hn->i/Lfc (#u 3 0 5» • 

4. 7 h 'jx y*=si/? > (PTES) <o?.)\<*>it: 

h'Jxf)l/>J>S- = S^«t«^ft (1:3) *t!4.94g (0.108*;u) 
^l/y^D'J Kl00 m "l^vi^t. Loo l^*tii*^oi£*25 

0 m lH'y □AM7 9^z?lcPTES 25.88 g (0.108^;w) js J; f K 2 
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^fc--£*;W*^fcPTES^£,|3£v>£o S!)t-> X)V*>lkFTESKfrz_XmVMk&y>) 2 
- (4-^nox)P*-*7i^Jl') xf ;l/f'J^ (H"" 1 ^ Piscat 

away, ND) £l£fflL£ 0 WkJlll^MiTkKSil-- t Kcfc o Ltio 

(sandwiched) 0 * ^tBf|fi#j3 0 #M£5E LTtm^fL (4mA/™ 
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